Summary. The 
Introduction
The establishment of pregnancy in the ewe depends on maintenance of the function of the corpus luteum and continued progesterone secretion (Moor, 1968) . This is achieved in the first instance by the conceptus which may suppress the luteolytic influence of the uterus by reducing secretion * Present address: Medical Research Centre, Prince Henry's Hospital, St Kilda Road, Melbourne 3044, Australia.
Downloaded from Bioscientifica.com at 01/25/2019 11:56:43PM via free access of prostaglandin (PG) F-2a into the uterine vein (Thorburn, Cox, Currie, Restall & Schneider, 1973; Barcikowski, Carlson, Wilson & McCracken, 1974; Nett et al., 1976; Peterson, Tervit, Fairclough, Havik & Smith, 1976) . The mechanism by which the embryo achieves this or other antiluteolytic effects is uncertain (see Findlay, 1981) , although it is known that the effect is initiated by Day 12 and that anti-luteolytic activity in embryo extracts resides in a soluble heat-labile, species-specific substance (Moor, 1968; Staples, Lawson & Findlay, 1978) , recently described as an acidic protein of molecular weight 70 000, and named trophoblastin (Martal, Lacroix, Loudes, Saunier & Wintenberger-Torrès, 1979) . In addition to the endometrial changes associated with prolongation of luteal function, other preimplantation changes in the endometrium may result from the presence of an embryo. The first close contact between the trophoblast and uterine epithelium has been detected during the 15th day of gestation but no morphological changes within the epithelium have been described before definitive attachment on Day 16 (Boshier, 1969) . However, there are changes in protein secretion by the uterus during the normal cycle and early pregnancy as indicated by studies of proteins in uterine flushings (Menezo, 1973; Roberts, Parker & Symonds, 1976) and enzyme activities in uterine tissues (Murdoch, 1970a, b; Zamiri & Blackshaw, 1979) . Moreover, lysosomes and heterophagosomes with acid phosphatase and ß-glucuronidase activities play an important role in the process of implantation and the remodelling of tissue in certain species (Woessner, 1969) . However, these changes have not been studied in relation to PG production in different tissues within the uterus, although it is well known that PGF-2a production (Scaramuzzi, Baird, Boyle, Land & Wheeler, 1977; Louis, Parry, Robinson, Thorburn & Challis, 1977; Baird, 1978) and protein synthesis (Miller & Moore, 1976) are both influenced by ovarian steroid hormones.
The purpose of this study was to determine whether the presence of a preimplantation embryo affected endometrial protein synthesis, PGF-2a production and steroid metabolism in localized regions of the endometrium, and whether these effects could be mimicked in ovariectomized ewes treated with steroid hormones.
Materials and Methods Animals and treatments
Clun Forest ewes from the Institute's flock were used intact (N = 9) or ovariectomized (N = 16). Ovariectomy was performed at least 3 weeks before the start of the experiment which was carried out between July and October. Animals were allocated to 6 groups of similar mean liveweight (Table 1) Hormone treatments were selected to minie the ovarian secretion rates of oestradiol-17 ß and progesterone during the normal cycle (Legan, Karsch & Foster, 1977) . Oestradiol-17ß (Ikapharm, Israel) (1978) so that the incorporation of radioactivity and protein content were measured in the same tissue extract. Tissue extract in lysis buffer (without mercaptoethanol) was added to 500 µ cold TCA (20% w/v, containing 0-1% w/v L-leucine).
After standing for 30 min at 4°C, the tubes were centrifuged at 600 g for 30 min, the supernatant was discarded and the precipitate was washed 3 times with ice-cold 10% TCA, once with 1 ml cold diethyl ether and then dried. The precipitate was dissolved in 100 ul 0-15 M-Tris-HCl buffer, pH 6-5, containing 8 M-urea and 1% (w/v) SDS. Aliquots were taken for counting radioactivity, for measuring protein content (Lowry, Rosebrough, Farr & Randall, 1951) , and for polyacrylamide gel electrophoresis (PAGE) (Davis, 1964 (Fishman, 1974 The presence of 20 ul 96% ethanol had no effect on PGF production. Radioimmunoassay. Samples of incubation medium were assayed without extraction at three dilutions in duplicate and values were found to be parallel with the standard curve for PGF-2a. A total of 38 samples of incubation medium from all types of treatment were acidified, extracted with diethyl ether and then subjected to silicic acid column chromatography to obtain a partly purified PGF fraction, using the method of Kibbey, Bronn & Minton (1977) (1979) . All samples were measured in one batch. For progesterone the sensitivity of the assay was 7-7 pg, recovery 83-6% and intra-assay variation, 17-5%. For oestradiol the sensitivity of the assay was 11-7 pg, recovery 90-0% and intra-assay variation, 3-5%.
Statistical analysis
To give a reliable indication of the variability between animals of the numerous variâtes observed, the means and standard errors in Tables 1-4 immediately before autopsy were 0-6 ± 0-3, 1-9 ± 0-5, 0-0, 0-0, 0-4 ± 0-2 and 0-4 ±0-1 ng/ml (Tables 1 and 5 ). Leucine incorporation into skeletal muscle proteins was low and unaffected by hormone treatment (Table 1) .
ß-Glucuronidase and acid phosphatase. The activity of ß-glucuronidase was similar in pregnant and non-pregnant sheep but was markedly reduced after ovariectomy in caruncular and intercaruncular tissues. Oestradiol treatment significantly increased activity in both tissues and myometrium (Tables 1 and 5 ). There was a significant negative interaction between oestradiol and progesterone treatments, indicating that while oestradiol increased ß-glucuronidase activity, when given with progesterone the effect was abolished. Values are mean ± s.e.m.
+ Chromalographically identical to authentic unlabelled and l4C-labelled oestrone and oestradiol-17ß.
Acid phosphatase activity in the uterine tissues was similar in pregnant and non-pregnant sheep. Activity was not affected by ovariectomy, but subsequent progesterone treatment increased activity in the intercaruncular tissue. There was a significant statistical interaction between oestradiol and progesterone in caruncular tissue of ovariectomized ewes (Tables 1 and  5 )· Steroid metabolism. The forms of steroid metabolism investigated were conjugation, hydrolysis and 17ß-oxidoreductase activity. Androstenedione metabolism was low in the uterine tissues ( Table 2 ). The amount of unmetabolized [3H] androstenedione recovered after incubation with intercaruncular tissue was 71-4 ± 4-5, 77-9 ± 3-2, 99-1 ± 0-6 and 89-6 ± 10-4% in Groups 3, 4, 5 and 6, respectively. Radioactivity recovered in a phenolic fraction (Groups 3, 4 and 5; 1-2 + 0-1%) was too low for definitive identification.
Oestrone was metabolized substantially to an aqueous soluble form(s) ( Table 2) . Percentage conversion was similar in pregnant and non-pregnant animals ( (Tables 2 and 5 ).
Prostaglandin F. There was a significant effect of pregnancy and steroid hormones on PGF production (Tables 3, 4 and 5). Values were significantly higher in the caruncular tissue of pregnant than in non-pregnant animals ( (Tables 3 and 5 ).
The net production of PGF was lower in caruncular tissue of pregnant than of non-pregnant animals, and of oestradiol-treated ovariectomized sheep compared with ovariectomized animals. The absence of an interaction effect between oestradiol and progesterone treatments indicates that oestradiol administration reduced the net production of PGF in both the presence and absence of progesterone. There was no significant effect of pregnancy and hormone treatment for the intercaruncular tissue (Table 5) . Net production by myometrial tissue was increased by ovariectomy (Table 3) but was reduced to normal values by progesterone treatment (Table 5) . PGF production in all incubations was greatly enhanced by the presence of arachidonic acid (Table 3 ). An effect of hormone treatment was only significant for intercaruncular tissue from oestrogen-or progesterone-treated animals compared with those in Group 3 (Table 5 ). Since the interaction between oestradiol and progesterone was not significant, the data indicate that the hormones had an additive effect on the maximum production of PGF in intercaruncular tissue. Tables 1-5 indicated that the responses of the various tissues differed according to treatment, statistical comparisons were made to ascertain the significance of the differences (Table 6) .
Protein concentration and synthesis, and oestrone sulphate metabolism were similar in all groups, while ß-glucuronidase, all measurements of PGF and the metabolism of androstenedione generally showed greater responses in the caruncular than the intercaruncular tissues.
The higher basal release of PGF by caruncular tissue of pregnant animals reflected initial tissue concentrations and a significant amount of residual PGF was found in the caruncles of pregnant animals after incubation (Tables 3 and 4 ). The net production of PGF was significantly higher in the caruncular tissue of non-pregnant or ovariectomized ewes treated with progesterone while the maximum production was greater in all treatment groups although the difference was only significant in non-pregnant and ovariectomized ewes treated with oestradiol and progesterone (Table 6 ). Oestrogen treatment of ovariectomized ewes produced no Values represent the mean difference (+ s.e.m.) between caruncular tissue value minus intercaruncular tissue value; bold type indicates that the difference is statistically significant (P < 0-05). (Mayol, 1975 (Roberts et al, 1976; Ellinwood, Nett & Niswender, 1979 (Louis et ai, 1977) . Progesterone or oestradiol treatment of ovariectomized animals in the present study had complex and differential effects on the dynamics of PGF production in caruncular and intercaruncular tissues in that both steroids increased the maximum production in the latter while oestradiol depressed the net production in the former.
The physiological significance of a PGF binding component is not known but prosta¬ glandins have been implicated in the process of implantation (see Kennedy, 1981) . A different possibility is that synthesis of a PG-binding protein may facilitate a redirection of PGF secretion, with a lower release into the uterine vein (Thorburn et al, 1973; Barcikowski et al, 1974; Nett et al., 1976 ) and a higher secretion into the uterine lumen, as previously suggested by studies in sows (Bazer & Thatcher, 1977) and ewes (Ellinwood et al, 1979) , thereby protecting the corpus luteum from luteolysis in early pregnancy.
According to the studies of Ellinwood et al (1979) Miller (1976) and Stone et al (1978) , and tissue protein concentration as reported by Murdoch & White (1968a, b) . However, amongst the enzymes implicated in attachment and implantation, ß-glucuronidase activity was higher in caruncular tissue in pregnant and non-pregnant animals, and this was mimicked in ovariectomized ewes'by treatment with oestradiol. Treatment resulted in a significant interaction between steroids, particularly in intercaruncular tissue. Progesterone treatment greatly enhanced acid phosphatase activity in intercaruncular tissue. The technique would not identify subtle changes in activity between different cell types, and localized activation of acid hydrolases has been implicated in modifications of glycoproteins and glycolipids in the uterine lumen or on trophectoderm before implantation (Roberts et al, 1976; Denker, 1978 
